Asthma is a multi-factorial disease associated with genetic, allergic, environmental, infectious, emotional, and nutritional issues. Globally, asthma affects about 300 million people and about 250,000 people die from it every year. These deaths are related to lack of proper treatment. Treatment involves controlling trigger factors, drug therapy, and other non-pharmacological methods. Although a few studies have evaluated the effects of exercises on asthma control, there is the need for well-designed outcome studies that will differentiate efficacious exercise management for asthma from those that hold little therapeutic value. This study compared the effects of aerobic and resisted exercises on selected cardiopulmonary parameters in patients with asthma.
INTRODUCTION
The word 'asthma' is derived from the Greek word "azein" which means 'breathe hard'. It is a chronic inflammatory disorder of the respiratory airways, characterized by increased mucus production, airway hyper-responsiveness and variable airflow obstruction (Global Initiative on Asthma [GINA], 2012) . It is often reversible spontaneously or following treatment (GINA, 2012) . Symptoms and signs include dyspnoea, chest tightness, cough, and wheezing. Acute symptoms of asthma usually arise from bronchospasm. Acute and chronic inflammation can affect not only the airway caliber and airflow, but also underlying bronchial hyper-responsiveness, which increases susceptibility to broncho-spasm (Cohen et al, 2004) . The majority of individuals with asthma miss a significant number of days of work or school because of the symptoms of the disorder. This creates a severe disruption in activities of daily living, often leading to depressive episodes (Stores et al, 1998; Lavoie et al, 2005) . It also disrupts the lives of caregivers and family members. Patients with asthma who have increased symptoms at night also tend to have disturbed sleep patterns and impaired daytime attention, concentration, and memory (Stores et al, 1998) .
Asthma is a multi-factorial disease associated with genetic, allergic, environmental, infectious, emotional, and nutritional issues. Its incidence increases worldwide as communities adopt modern lifestyles and become urbanized (Janson, 2004) . Industrialization of countries and the use of fossil fuels have paralleled the incidence of respiratory diseases. Changes in diet, including decreased intake of nutrients such as magnesium, and altered intestinal microflora are also hypothesized as contributors to the increased incidence of asthma (Parronchi et al, 2006) . Active smokers have more severe asthma symptoms, an accelerated decline in lung function, and a reduced response to corticosteroid therapy (Cohen et al, 2004; Beeh, 2006) .
Globally, asthma affects about 300 million people and about 250,000 people die from it every year (GINA, 2012) . These deaths are related to lack of proper treatment. Treatment involves controlling trigger factors, drug therapy, and other non-pharmacological methods (Sullivan et al, 2007) . Since the introduction of pharmacological interventions for the control of asthma symptoms, interest in non-pharmacological methods has declined (Sullivan et al, 2007) . Prognosis is good with treatment coupled with pulmonary rehabilitation (Russell et al, 2008) . Pulmonary rehabilitation has largely been limited to patients with chronic obstructive pulmonary disease (COPD), but there is now a recognition that other patient groups may benefit because the principles are the same, but with some additional consideration (Russell et al, 2008) . Although a number of studies have evaluated the effects of exercises, especially aerobic exercise, on asthma control, there is still the need for well-designed outcome studies that will better define efficacious exercise management for asthma. This study therefore compared the effects of aerobic and resisted exercises on selected cardiopulmonary parameters in patients with asthma.
METHOD

Subject Selection
Forty-five (45) patients with asthma were recruited from the Respiratory Unit of the Department of Medicine, Lagos University Teaching Hospital (LUTH), Idi-Araba, Lagos State, Nigeria. They were randomly assigned to 3 different groups (A, B and C) using the fish bowl technique where the number the subjects picked determined their group. Group A (Aerobic group) was made up of 7 males and 8 females, Group B (Resisted group) was made up of 9 males and 6 females while Group C (Control group) was made of 8 males and 7 females. The subjects recruited for the study were patients diagnosed with asthma according to GINA guidelines, who had not smoked for at least one year. They were clinically stable and were without acute exacerbation of asthma or respiratory tract infection in the preceding 6 weeks. Their ages ranged from 18 to 48 years. Excluded from the study were: patients whose diagnosis of asthma was uncertain; patients with very severe asthma and whose condition would constitute a considerable risk if they exercised; patients with other lung diseases; and patients with contraindications to exercise such as dyspnoea, fainting, tiredness, and dizziness. Ethical approval was obtained from the Health Research and Ethics Committee of Lagos University Teaching Hospital, Idi-Araba, Lagos State, Nigeria (REF.NO: ADM/DCST/HREC/VOL.XVI/ APP/800). Written informed consent was obtained from subjects who participated in the study.
Procedure for data collection
The study was carried out at the Out-Patient Clinic of the Physiotherapy Department, Lagos University Teaching Hospital, Idi-Araba, Lagos. Assessments were carried out between 9:00 am and 12:00 noon after 15 minutes of rest (Andersen et al., 2010) . This was to maintain the same environmental conditions and also allow the cardiopulmonary functions of subject to return to resting state. The baseline values of selected cardiopulmonary parameters were measured and recorded for each subject prior to the interventions. The height and weight of each subject were also measured at baseline using a height meter and weighing scale respectively. All subjects were educated on Borg's scale of perceived exertion. The outcome measures were taken at baseline and at the end of the 6 th week and these included: heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP) and rate product pressure (RPP) for cardiovascular parameters while pulmonary parameters were respiratory rate (RR), peak expiratory flow rate (PEFR), forced expiratory volume in 1 1 second (FEV ), forced vital capacity (FVC), forced 1 expiratory volume percent (FEV %) and inspiratory capacity (IC). The SBP and DBP were measured with a mercury sphygmomanometer and a stethoscope in sitting position, and HR with a stethoscope; RPP is the product of 1 SBP and HR. The FVC and FEV were measured with a hand-held spirometer, PEFR with a peak flow rate meter and IC with a volumetric exerciser.
Interventions for the Study Groups
Study Group A Therapeutic exercise mode: Aerobic exercise using the treadmill.
Therapeutic exercise intensity:
The intensity of aerobic exercise was moderate, which was equivalent to the subject's target heart rate (THR), determined using Karvonen's formula: THR = 0.6 (MHR -HR at rest) + HR at rest (Tanaka et al, 2001) where: MHR = maximal heart rate HR = heart rate The formula for calculating MHR for females is (226 -age in years); and for males (220 -age in years) (Bumgardner, 2008) . Since MHR -HR at rest = Heart rate reserve (HRR), another formula for THR is: THR = (HRR x 0.6) + HR at rest (Tanaka et al, 2001 ).
Therapeutic exercise intervention for subjects in this group was done in 3 phases namely, warm-up, aerobic exercise, and cool down. The warm-up and cool down phases were for 5 minutes each and consisted of breathing exercises, stretching exercises, and walking around the gymnasium at normal speed.
Therapeutic exercise duration:
The subjects exercised for 10 minutes for the first 4 weeks then 15 minutes for the last 2 weeks. Therapeutic exercise frequency: Exercise was performed 2 times a week for 6 weeks.
Study Group B Therapeutic exercise mode: Resisted exercise (i.e. lifting dumbbells of different weights)
Therapeutic exercise intensity: Each subject's one repetition maximum (1 RM) was assessed. This was the maximum weight which each subject could lift once only through a prescribed range. Resisted exercise was done at moderate intensity which was equivalent to exercising at 50-70 percent of 1 RM. Subjects were instructed to lift a dumbbell weight 50-70 percent of 1 RM four times within a period of 20 to 30 seconds. Twelve lifting repetitions were done per set until the end of the intervention period. Lifting the dumbbell includes lifting it from the ground to the waist then from the waist to the shoulder level.
Therapeutic exercise duration:
These subjects exercised for 10 minutes in the first 4 weeks and 15 minutes in the last two weeks.
Therapeutic exercise frequency: Exercise was performed 2 times a week for 6 weeks.
Study group C
This is the control group. This group did not carry out any therapeutic exercise but participated in counselling and educational sessions with subjects from other groups.
The counselling and educational sessions were for 15 minutes, once a week for 6 weeks.
Data Analysis
All statistical tests were done using the Statistical Package for Social Sciences (SPSS) version 17 (Chicago, IL). All demographic and quantitative data were expressed as mean (0) and standard deviation (SD). Analysis of variance (ANOVA) was used to compare demographic variables across groups. Paired t-tests were used to determine the significance of the differences between the mean values and changes in cardiopulmonary variables within each group and between intervention groups. Analysis of variance was also used to determine the significance of the differences in mean changes in the cardiopulmonary variables across groups. A least significant difference post-hoc test was used to determine the exact points where the significant variables became significant and the exclusively significant group. Significant level was put at p # 0.05.
A total of 45 (forty-five) subjects were recruited but fortytwo (42) completed the study. Distance and nature of occupation were the reasons given by the subjects for not completing the study.
Analysis of variance (ANOVA) showed that there was no significant difference in the physical characteristics of subjects in the three groups (Age: p = 0.25; BMI: p = 0.42) (table 1).
Following the 6 weeks of study, paired t-test comparison of pre-and post-intervention mean cardiovascular scores showed significant changes in the SBP (p = 0.01), DBP (p = 0.03), HR (p = 0.02) and RPP (p = 0.01) of subjects in group B while those of groups A and C were not significant (table 2).
The paired t-test comparison of pre-and postintervention mean pulmonary scores showed significant 1 changes in the RR (p=0.01), FEV (p=0.01), FVC 1 (p=0.01) and FEV % (p=0.02) of subjects in group A while those of groups B and C were not significant (table  3) . 
DISCUSSION
The aim of this study was to compare the effects of aerobic and resisted exercises on selected cardiopulmonary parameters in patients with asthma. The results show that after 6 weeks of exercise intervention, there were significant improvements in the selected pulmonary parameters of subjects in group A while there were no significant improvements in their cardiovascular parameters. There were significant improvements in selected cardiovascular parameters of subjects in group B while changes in their pulmonary parameters were not significant. Comparison of the mean changes in the cardiopulmonary variables between groups A and B showed 1 significant differences in SBP, DBP, RPP, RR, FEV , 1 FVC, FEV and IC.
Cardiovascular Variables
The finding that there were no significant improvements in the selected cardiovascular variables of subjects in group A implies that aerobic exercise did not bring about any significant change in the cardiovascular variables. This may have to do with the dosage of the exercise given (2 times weekly for 6 weeks) since aerobic exercise is known to improve the cardiovascular parameters of individuals. Sembulingam and Sembulingam (2010) reported that aerobic exercise of low to moderate intensity and higher duration had a significant effect on systolic blood pressure but the diastolic blood pressure and heart rate did not change. This is because during dynamic exercise the peripheral resistance is altered and decreased depending on the intensity of the exercise. Since there was no significant change in either SBP or HR, there was also no significant change in RPP, as RPP is a product of SBP and HR. Moez et al (2013) believe that improved aerobic performance is possible by modifying specific training programmes with regard to the frequency, duration, and intensity of exercise. However, the American Thoracic Society (ATS) and the American College of Chest Physicians (ACCP) (ATS, 1999; ATS/ACCP, 2003) speculated that a two sessions per week programme might not be as effective as more frequent exercise sessions. Also Cochrane and Clark (1990) , Fink et al. (1993) and McArdle et al. (1996) found that the initial grade of fitness and motivation is an important predictor of aerobic improvement after training. Nevertheless, as previously observed, higher potential for improvement in the most unfit individual is a well-known phenomenon (Alberto et al., 1999) . Similar findings were made by Alberto et al. (1999) , who studied the short-term effects of aerobic training in the clinical management of moderate to severe asthma in adolescents for 6 weeks and reported that there were no significant differences in the cardiovascular parameters assessed. However, Fanelli et al (2007) , who studied the effect of exercise training on disease control and quality of life in children with asthma, observed that there was a significant difference in their cardiovascular response after 16-20 weeks of exercise training performed 3 times per week. This may be due to higher frequency and duration of aerobic training.
The finding that there were significant improvements in the cardiovascular variables of subjects in Group B implies that resisted exercise brought about significant changes in these variables. Physiologically, performing resisted exercise over a period of time is likely to cause an increase in the SBP, HR and DBP of an individual because of an increase in peripheral resistance and decrease in stroke volume (Sembulingan and Sembulingam, 2010) .
Although not much is known about resisted exercise in individuals with chronic lung disease, Simpsons et al. (1992) observed that improvement in anaerobic exercise tolerance led to improvement in the aerobic capacity of individuals with COPD.
Physiologically, endurance training is associated with increased cardiac output and volume load on the left and right ventricles, causing the endurance-trained heart to develop a mild to moderate increase in left ventricular wall thickness that is called eccentric left ventricular hypertrophy (Fogard, 2003) .
Up until recently, the exercise limitation in patients with asthma was measured through aerobic exercise testing (Counil et al., 2001) . During this type of exercise, it is acknowledged that the limitation in oxygen consumption is of ventilatory origin or due to detraining effects on the muscle cells (Varray and Prefaut, 1992; Prefaut et al., 1995) . Since anaerobic and aerobic metabolisms are inextricably linked, it is difficult to assess the detraining effects of muscle cells and how it affects muscle cell function (Counil et al, 2001) . Furthermore, Ghanbarzadeh and Fatemeh (2012) suggested that anaerobic exercise programmes should be included in the treatment of women with asthma because they observed that anaerobic programme significantly improved the subjects' aerobic capacity.
On comparing the effects of aerobic exercise and resisted exercise on the cardiovascular variables of patients with asthma, this study revealed that resisted exercise brought about more significant improvement than aerobic exercise.
Pulmonary variables
The finding that there were significant improvements in selected pulmonary variables of subjects in group A implies that aerobic exercise did bring about significant changes in 1 1 most of the pulmonary variables (FEV , FVC, FEV %, RR) except PEFR and IC. Physiologically, RR is bound to increase as a result of hyperventilation which includes an increase in the rate and force of respiration after an exercise protocol (Sembulingam and Sembulingam, 2010) . Sembulingam and Sembulingam (2010) suggested that RR increases to about 30 counts per minute during moderate aerobic exercise and factors like chemoreceptors, higher centres, proprioceptors, acidosis, and body temperatures are responsible for the change in pulmonary ventilation. It drops after a while due to an increase in blood volume. Physiologically, the muscle cells in the body use up more oxygen and produce more carbon dioxide during exercise. The lungs have to work harder to provide oxygen and also remove carbon dioxide. There is an increase in the respiratory rate as the body tries to get as much oxygen as possible to minimize the amount of oxygen deficit. The muscles of the respiratory system, such as the diaphragm and intercostal muscles, get stronger. This makes the chest cavity larger during respiration thereby causing more air to be inspired. In addition, more capillaries are formed around the alveoli so that more gaseous exchange can take place (Guyton and Hall, 2006 ).
This finding corroborates previous studies that reported 1 that there were significant differences in FEV and FEV% post intervention (Cochrane and Clark, 1990; Emtner et al, 1996; Fatemi and Ghanbarzadeh, 2010 Emtner et al (1996) studied high-intensity physical training in 26 adults with mild to moderate asthma and observed that there was a decrease in 1 heart rate, significant increase in FEV from 2.2L to 2.5L. Forced vital capacity also increased slightly but significantly; however, no improvement was observed in PEFR.
However, the results of this study differed from those of Satta (2000) and Fanelli et al (2007) who concluded that there were no improvements in lung function after exercise training of any kind. Satta (2000) studied the effects of exercise training on the pulmonary functions of patients with asthma, while Fanelli et al (2007) observed the effects of exercise training on disease control and quality of life in patients with asthma. Both studies observed no significant improvements in pulmonary variables. Interestingly, all conflicting studies had smaller sample sizes and assessed 1 only FEV and/or FVC. Fanelli et al (2007) , who observed the effects of exercise training on disease control and quality of life in children with asthma, measured only 1 FEV . Also, different sample and protocol type may be partly responsible for the inconsistencies in the results. However, Bauerle and Younes (1995) in a study to determine exercise capacity in patients with COPD, observed that a decrease in inspiratory capacity correlated with aerobic exercise performance when they studied the role of ventilator response to exercise.
The finding that pulmonary variables in group B were not significant implies that resisted exercise did not bring about any significant improvement in patients with asthma. This observation, which is consistent with the results of several previous studies such as Satta (2000) , Ram et al. (2005) and Fanelli et al. (2007) , showed that there were no significant changes in any of the variables for lung function after exercise training as well as when compared with the control group. A systematic review of studies on exercise and asthma revealed that 9 out of the 13 that assessed lung 1 function (FEV and FVC) found no changes following exercise intervention (Ram et al., 2005) . All studies included in the review had subjects undergo 20-30 minutes of exercises, 2-3 times per week for 4 weeks.
On comparing the effects of aerobic exercise and resisted exercise on pulmonary variables of patients with asthma, this study revealed that aerobic exercise brought about more significant improvements than resisted exercise.
CONCLUSION
Aerobic exercise was more effective in improving the pulmonary variables of patients with asthma while resisted exercise was more effective in improving the cardiovascular variables of patients with asthma. Therefore therapeutic exercises such as aerobic and resisted exercises should be included as adjunct therapy by clinicians in the management of asthma.
